Background: Proteasome inhibitors are a novel class of compounds entering clinical trials as a method to increase tumour sensitivity to standard chemotherapy. This phase I/II trial was carried out to evaluate the combination of capecitabine and the proteasome inhibitor bortezomib in anthracycline and/or taxane-pretreated patients with metastatic breast cancer. and capecitabine (1500-2500 mg/m 2 on days 1-14) in 3-week intervals for up to eight cycles.
Breast cancer remains the leading cause of death from cancer among women worldwide, accounting for >400 000 deaths per year. Currently available treatments are unable to eradicate metastatic breast cancer (MBC). Consequently, treatment goals are to prolong survival, prolong disease control and to provide better palliation for patients. Though an expanding array of active agents has become available, overall survival (OS) has changed little in the last 30 years. While response rates between 20% and 40% for single-agent treatment and 40%-60% in combination regimens are routinely achieved in previously untreated patients, response rates decrease significantly in patients previously exposed to chemotherapy.
Patients with MBC who have progressed after anthracyclines and taxanes have limited treatment options. The oral fluoropyrimidine capecitabine has shown significant singleagent activity in MBC that has progressed during or after anthracycline and/or taxane therapy, achieving response rates between 9% and 14% in phase III trials and a median progression-free survival (PFS) of 4.1-4.4 months [1] [2] [3] .
Further therapeutic advances require new strategies that are on the basis of an understanding of breast cancer biology. The ubiquitin-proteasome pathway plays an important role in regulating the cell cycle, neoplastic growth and metastasis [4] . A number of key regulatory proteins are temporally degraded during the cell cycle by the proteasome, and the ordered degradation of these proteins is required for the cell to progress original article through the cell cycle and undergo mitosis [5] [6] [7] . Some of these factors have also been reported to inhibit the apoptotic response to chemotherapy and thus contribute to drug resistance. Bortezomib (VELCADE, Millennium Pharmaceuticals, Inc., Cambridge, MA and Johnson & Johnson Pharmaceutical Research & Development LLC, Raritan, NJ) is a first-in-class, highly selective and potent inhibitor of the 26S proteasome. Preclinical research has shown that bortezomib may block chemotherapy-induced activation of the anti-apoptotic survival factor nuclear factor-kappa B (NF-jB) and augment the apoptotic response to chemotherapeutic agents. Bortezomib also appeared to increase the stabilisation of the cell cycle regulators p21 and p27, as well as the tumour suppressor p53. In preclinical models of breast and other cancers, bortezomib inhibited tumour growth and demonstrated anti-angiogenic properties [8] [9] [10] [11] [12] . Bortezomib exhibited the greatest activity when combined with standard chemotherapeutic agents, including irinotecan, docetaxel or 5-fluorouracil (5-FU), indicating its potential additive/synergistic role in overcoming resistance to conventional chemotherapy. This phase I/II study was therefore carried out to evaluate the combination of capecitabine and bortezomib in pretreated patients with MBC.
patients and methods

study design
This phase I/II study was conducted at 11 centres in Germany and Austria. The study was conducted in accordance with the Declaration of Helsinki and International Conference on Harmonisation Harmonised Tripartite Guidelines for Good Clinical Practice, in compliance with local regulations, and with the institutional review boards of each participating centre.
objectives
The primary objectives were to determine the maximum tolerated disease (MTD) for bortezomib and capecitabine and to evaluate the objective response rate. Secondary objectives included evaluation of time to progression (TtP), duration of response (DR), OS and safety.
patient population
Eligible patients had to have histologically confirmed MBC and one or two prior lines of chemotherapies for metastatic disease including anthracyclines and/or taxanes. Patients were required to have measurable disease. All patients had to have adequate haematological, renal and hepatic function [haemoglobin > 8 g/dl; absolute neutrophil count (ANC) > 1.5 · 10 9 /l; platelets > 75 · 10 9 /l; serum bilirubin level < 1. At least three patients assessable for toxicity were treated at each dose level. If none of the first three patients experienced DLT, the next dose level was started. If DLT occurred in one patient, three additional patients were treated at the same level. Dose escalation was only continued, if DLT were observed in no more than one patient of the expanded cohort. If DLT occurred in more than or equal to two patients, dose escalation was stopped and subsequent patients were treated at the previous level. This dose level was defined as the MTD, if DLT occurred in less than or equal to one of six patients.
dose modification
Within the phase I part, dose modifications were not allowed during the first cycle. For subsequent cycles and phase II patients, treatment modifications were mandated for severe toxic effects. A new cycle was only started if ANC was ‡1.5 · 10 9 /l, platelet count was ‡75 · 10 9 /l and nonhaematologic toxic effects had resolved to less than or equal to grade 1 (alopecia, nausea and vomiting excepted). If treatment had to be delayed for >2 weeks, the patient was withdrawn.
Within a course, doses of both capecitabine and bortezomib were reduced by 50%, if ANC was 0.5-0.99 · 10 9 /l, and treatment was omitted for an ANC <0.5 · 10 9 /l and/or a platelet count <50 · 10 9 /l. The doses of both drugs were permanently reduced by 25% in patients who experienced febrile neutropenia, prolonged grade 4 neutropenia (>7 days), grade 4 thrombocytopaenia, any grade 3 non-haematologic toxicity or a second occurrence of grade 2 hand-foot syndrome (HFS), diarrhoea or stomatitis. If the toxicity reoccurred despite two dose reductions, the patient was withdrawn. The dose of bortezomib was reduced in case of ‡grade 2 sensory peripheral neuropathy. In case of any given grade 4 non-haematologic toxicity, the patient was discontinued. 
statistical analysis
The primary efficacy end point, objective response rate, was defined as the percentage of patients with complete response (CR; A complete response was defined as the disappearance of all target lesions determined by two observations not less than 4 weeks apart) or partial response (PR; A partial response required a greater than 30% decrease in the sum of the longest diameter (LD) of target lesions determined by two observations not less than 4 weeks apart). The sample size was estimated at 29 assessable patients assuming an objective response rate £10% as null hypothesis, a true response rate of 30%, a power of 80% and a significance level of 5%. TtP was defined as the time from registration until disease progression. Death was regarded as a progression event in those who died before disease progression. Subjects whose disease had not progressed at the time of analysis were censored using the last assessment date. DR was defined, for responding patients only, as the period of time from registration to the first observation of disease progression. OS was calculated from the date of registration to the date of death for any reason. Standard descriptive methods were applied. Analyses were carried out on an intent-to-treat population including all patients without major violation of eligibility criteria. Efficacy data were reported separately for the overall cohort and for patients treated at the MTD. OS and TtP were estimated by the Kaplan-Meier method. Categorical variables were described by contingency table methods and percentages. Continuous variables were described by mean and median values, standard deviations and minimum and maximum values.
results
patient characteristics
A total of 35 patients were enrolled onto the study. Two patients had to be withdrawn before first study dose administration due to the requirement of radiotherapy for impending spinal compression and impairment of renal function, respectively. They were excluded from both safety and efficacy analyses. All remaining 33 patients were assessable for safety, and 29 patients were assessable for efficacy. Four patients were discontinued after the first cycle for reasons other than disease progression (patient request after experiencing grade 3 nausea (n = 1), peripheral neuropathy (n = 1), pneumonia (n = 1) and myocardial infarction (n = 1)).
Patient characteristics at the time of study registration are summarised in Table 2 . The median age was 58 years (range, 38-75). Most patients (84%) had visceral-dominant disease. The mean number of involved sites at the study entry was 3 (range, 1-5). All but one patient had received prior anthracycline treatment, and 74% had prior taxane therapy.
efficacy
Objective PR were observed in 5 of the 33 patients in the intentto-treat population (15%) ( Table 3) . No patient had a CR. Nine additional women (27%) had stable disease (SD, defined as a less than 30% decrease or less than 20% increase in the sum of LD of target lesions, four unconfirmed) and two had SD ‡6 months for a clinical benefit (CR + PR + SD ‡ 6 months) of 
chemotherapy administration
A total of 97 cycles were administered. The mean number of cycles per patient was 2.7 (median, 2; range, 1-8). Twenty-six women required dose modifications or treatment delay (79%); 24 patients (73%) in the bortezomib dose and 20 patients (61%) in the capecitabine dose. Most common reasons for dose modifications were HFS (n = 9), diarrhoea (n = 6), thrombocytopaenia (n = 6), patient request (n = 5), neutropenia (n = 4), peripheral neuropathy (n = 4) and fatigue (n = 3, more than one reason possible). Treatment was discontinued prematurely in 12 patients (36%); reasons for early discontinuation were peripheral neuropathy (n = 3), diarrhoea (n = 3), HFS (n = 2), unspecified patient request (n = 2), nausea (n = 2), hyperbilirubinemia (n = 1) and infection (n = 1, more than one reason possible). The delivered dose intensities (DIs) for capecitabine and bortezomib, defined as actual/planned dose, are listed in Table 4 . For bortezomib, the delivered relative DI was higher at dose levels using 1.0 mg/m 2 (range, 0.91-0.93) compared with dose levels using 1.3 mg/m 2 (range, 0.72-0.78), resulting in similar mean delivered doses for all dose levels. For capecitabine, the delivered relative DI was substantially lower at 2500 mg/m 2 (0.49) compared with 2000 mg/m 2 (range, 0.80-0.94), resulting in an absolute delivered dose that was almost 25% lower at dose level 4 (1228 mg/m 2 ) compared with dose level 3 (1608 mg/m 2 ).
safety Treatment-related adverse events are summarised in Table 5 . Most common grade 3 adverse events were thrombocytopaenia (n = 9), diarrhoea (n = 6), HFS (n = 4) and peripheral neuropathy (n = 4). All other treatment-related adverse events occurred in £3 women. No grade 4 non-haematologic toxicity occurred.
discussion
Patients with MBC who have progressed after anthracyclines and taxanes have limited treatment options. So far, only few cytotoxic agents or combinations have shown considerable activity for this group of patients, and capecitabine seems to be one of the most active compounds. Bortezomib has shown only limited activity against solid tumours when used as a single agent [13] [14] [15] [16] , but is a potentially promising agent for combination therapy as it might sensitise tumour to conventional chemotherapy and radiotherapy.
Our results demonstrate that capecitabine and bortezomib can be combined safely. The combination therapy was generally well tolerated and associated with toxic effects that were consistent with the known side-effects of the individual agents [1] [2] [3] . The MTDs were capecitabine 2500 mg/m 2 and bortezomib 1.3 mg/m 2 , and these doses were subsequently used in the phase II part of the trial. Detailed analysis of treatment administration revealed, however, that patients treated at the MTD frequently required dose modifications or treatment delay (17 patients, 85%). The need for treatment modifications increased with the number of given cycles, resulting in a substantial decrease in the mean DI (range, 93.0%-94.8% during cycle 1; 52.3%-71.4% during cycle 2 and 39.6%-62.5% for subsequent cycles). Consequently, at the MTD the mean delivered doses and the relative DI for bortezomib and capecitabine were 26% and 51% lower than planned, respectively, and were similar or even lower compared with the other dose levels with lower planned bortezomib and/or capecitabine doses. Capecitabine 2000 mg/m 2 and bortezomib 1.0 or 1.3 mg/m 2 might therefore be more suitable for future studies of the combination.
With an objective response rate of 15%, a clinical benefit of 21% and a median PFS of 3.5 months, capecitabine/bortezomib demonstrated moderate activity in this prognostically unfavourable cohort of heavily pretreated women. In similar clinical settings, three randomised trials have recently evaluated the efficacy of capecitabine with or without an additional cytotoxic agent. They were able to demonstrate superior response rates and/or PFS for the combination therapy, ranging from 19.8% to 35% and 4.9 to 8.4 months, respectively, whereas single-agent capecitabine was associated with response rates of 9%-14% and a PFS between 4.1 and 4.4 months [1-3]. Although comparing trials can be problematic, it is relatively clear given the results from these studies that the combination of bortezomib and capecitabine does not provide a substantial advantage over single-agent capecitabine. This means that there either is no additive or synergistic antitumour activity for bortezomib and capecitabine in heavily pretreated breast cancer patients or the presented study failed to demonstrate an existing effect. Indeed, there are a few caveats about the study design that might have affected the antitumour activity and could therefore be relevant for interpreting the results. First, most of the patients required treatment modifications and the resulting median doses of the study drugs were low, particularly for capecitabine (1464 mg/m 2 ). In comparison, the median daily administered doses of capecitabine within recent randomised trials were 2000-2377 mg/m 2 for single-agent therapy and 1875-2000 mg/m 2 for combination therapy [1] [2] [3] . Secondly, a relatively large number of patients discontinued treatment early on their request without fulfilling stopping criteria for toxicity or experiencing disease progression. Consequently, the median number of cycles was only two, which is considerably lower to what was observed in other studies for both singleagent and combination therapy (range, 4-5) [1] [2] [3] . This might be partially explained by the observation that patients enrolled in this study had particularly aggressive metastatic disease with extremely poor prognosis, low probability of response to additional therapy and extensive pretreatment with pre-existing adverse effects and low acceptance of further toxic effects, but it could also reflect on the tolerability of the study treatment at the selected doses. Finally, the current schedule might be suboptimal for providing the maximum benefit of combining 5-FU-based therapy and bortezomib. Recent preclinical studies in lung and pancreatic cancer models demonstrated the relevance of scheduling for combining chemotherapy and bortezomib, showing increased activity when bortezomib was given simultaneously or after chemotherapy, but inhibitory effects when bortezomib was administered before chemotherapy [17, 18] . Although it is unclear whether these observations are relevant for MBC and 5-FU-based therapy, potential scheduling effects should be explored if the combination is further investigated.
On the other hand, the results of the trial might just reflect that bortezomib and capecitabine do not have additive or synergistic activity in an unselected and heavily pretreated cohort of MBC patients. As the proteasome-ubiquitin pathway affects the regulation of numerous cellular proteins, it is possible that some of them might interfere with the activity of 5-FU. It has been indicated that 5-FU-based combination chemotherapy partly acts by lowering the expression of Raf-1 and Akt through a proteasome-dependent pathway, thus inhibiting the survival and anti-apoptotic activity of their downstream enzyme targets [19] . Therapeutic inhibition of the proteasome function could potentially interfere with this mechanism and affect the efficacy of the treatment. Another potential interaction is that bortezomib might suppress the expression of uridine phosphorylase (UPase), which has been shown to play an important role in the antineoplastic activity of 5-FU and in the anabolism of capecitabine. Recent studies showed that UPase expression in breast cancer cells is induced by tumour necrosis factor (TNF)-alpha through a NF-jBdependent pathway, enhancing cell sensitivity to 5#-deoxy-5-fluorouridine. This TNF-alpha-dependent induction of UPase could be suppressed by bortezomib [20] . It is unclear whether these factors are relevant for the present study, but the findings underline the relevance of elucidating the mechanism of action when combining proteasome inhibitors with standard chemotherapy. This is also important for selecting appropriate subgroups for combination therapy.
In conclusion, we were able to demonstrate that bortezomib and capecitabine can be combined safely, but the combination showed only moderate activity in heavily pretreated patients with MBC. We do therefore not recommend further investigations of this combination in an unselected cohort of MBC patients, unless there is a way of identifying patients that might have a benefit from the addition of bortezomib. 
